Mean postoperative morphine consumption at 12 hours (control group: 11.45 ± 7.64 mg, TAP intervention group: 9.79 ± 8.09 mg; p = 0.4264) and 24 hours (control group: 13.38 ± 8.72 mg, TAP intervention group: 11.31 ± 8.66 mg; p = 0.3686) for the control and TAP intervention groups were not statistically different. Secondary outcomes were also not different between the two groups. Length of stay in the post-anaesthesia care unit was significantly shorter for the TAP intervention group, with a trend toward faster hospital discharge being observed.
INTRODUCTION
The pioneering gynaecologist, Dr Kurt Semm, performed the first laparoscopic appendicectomy in 1981. (1) This procedure has subsequently been adopted by an increasing proportion of general surgeons as the surgical technique of choice for appendicectomy. Surgery is required for acute appendicitis to prevent perforation, as well as to manage complications that may occur with this disease. The laparoscopic technique is favoured over the traditional open method of appendicectomy, as the former is associated with a lower incidence of postoperative surgical complications and faster recovery to normal daily activities. (2, 3) Despite the use of minimally invasive surgery, patients may require hospitalisation for over 24 hours following laparoscopic appendicectomy, and postoperative pain is a common cause for extended length of hospital stay. (4) The transversus abdominis plane (TAP) block is a regional anaesthetic procedure wherein local anaesthetic solution is injected into the TAP of the abdominal wall. Recently, this procedure has gained popularity, as it was shown to reduce both postoperative pain and opiate analgesic requirements following a number of different abdominal surgical procedures. (5) (6) (7) (8) (9) The aim of this study was to investigate the postoperative analgesic effects of TAP block as a supplement to a general anaesthetic for laparoscopic appendicectomy in adult patients. A literature search did not identify any previous studies investigating the use of TAP block in adult patients undergoing this common surgical procedure.
METHODS
The study was performed at Alexandra Hospital, Singapore, from December 2012 to December 2013 and adhered to the relevant national biomedical research regulations, including approval from the research ethics committee and informed consent from all patients. Study design consisted of a prospective randomised controlled trial of patients undergoing laparoscopic appendicectomy that compared the addition of TAP block to a standardised general anaesthetic and surgical technique. Anaesthetic and postoperative pain management was standardised for all patients with the aim of minimising differences between the two groups except for the TAP block intervention.
The primary endpoints for the study were absolute and equianalgesic morphine consumption values at 12 hours and 24 hours postoperatively. Secondary endpoints were: (a) pain scores (at rest and on movement) during the first 24 hours following surgery; (b) incidence of nausea and vomiting during the first 24 hours following surgery; and (c) time to hospital discharge.
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INTRODUCTION
We conducted a single-centre, prospective randomised clinical trial to investigate the analgesic efficacy of transversus abdominis plane (TAP) block in adult patients undergoing laparoscopic appendicectomy.
METHODS
Patients undergoing urgent laparoscopic appendicectomy under general anaesthesia alone (control group) and general anaesthesia supplemented by TAP block (TAP intervention group) were compared. All patients received a multimodal analgesia regime, which included postoperative morphine via a patient-controlled analgesia device. The primary endpoints were morphine consumption at 12 hours and 24 hours postoperatively. Secondary endpoints included pain scores, incidence of nausea and vomiting, and time to hospital discharge. A total of 58 patients were recruited, with 29 patients in each group.
ward. Patients were included in the study if they were over 21 years of age and undergoing urgent surgery for acute appendicitis. Exclusion criteria were: (a) previous surgery within the last six weeks; (b) preoperative medical history of chronic pain or opiate analgesic medication; (c) inability to understand instructions regarding numeric rating scale (NRS) pain assessment or the use of patient-controlled analgesia (PCA) machine; (d) pregnancy; (e) known allergy to local anaesthetic drugs; and (f) weight less than 50 kg.
Following emergency admission to the hospital, the patients were resuscitated with intravenous fluids, antibiotics and analgesics according to the standard hospital clinical practice within the emergency and surgical departments. Resuscitation prior to surgery was directed by the on-duty surgical team that was responsible for the patient. On arrival in the holding bay of the operation theatre, the patients were randomised to the TAP intervention or control groups by a study investigator. For patients randomised to the TAP intervention group, general anaesthesia was supplemented by a TAP block. Those in the control group underwent urgent laparoscopic appendicectomy under general anaesthesia alone.
A standardised general anaesthetic technique was used for all the patients and included rapid sequence induction of anaesthesia (propofol 1-3 mg/kg; suxamethonium 1-1.5 mg/kg), and tracheal intubation and mechanical ventilation with desflurane in an oxygen-enriched air mixture. Atracurium was administered for intraoperative neuromuscular paralysis followed by neuromuscular reversal, as guided by the anaesthetist. Intraoperative analgesia consisted of fentanyl (1-2 mcg/kg) prior to skin incision with further bolus doses (1 mcg/kg), as judged necessary by the anaesthetist responsible for the patient. Ondansetron was administered (4 mg intravenously) to patients with previous history of postoperative nausea and vomiting.
Patients in the TAP intervention group received 20-mL injections of plain ropivacaine (0.5% Naropin®; Fresenius Kabi, IL, USA) to each side of the abdominal wall. The TAP block intervention, which was performed by three study investigators who were anaesthetists with experience in regional anaesthesia, was done following the induction of anaesthesia and prior to surgical skin incision. The intervention was performed using aseptic technique with ultrasonography guidance (Logic E®; GE, Buckinghamshire, UK) using an in-plane technique for needle tip guidance (Stimuplex® A; B Braun, Melsungan, Germany) through the abdominal wall into the neurovascular fascial layer separating the internal oblique and transversus abdominis muscles. The injection was directed by identifying the three muscle layers lateral to the rectus muscle and using a standard injection technique in the mid-axillary line at the midpoint between the inferior costal margin and iliac crest. (10) Prior to surgery, a 10-mL syringe prepared by the study investigator was given to the surgeon for infiltration of the laparoscopic port sites; the syringes contained 0.5% plain bupivacaine for the control group and 0.9% normal saline for the TAP intervention group.
Following emergence from anaesthesia, tracheal extubation was performed and patients were transferred to the postanaesthesia care unit (PACU). The surgical technique was standardised for all patients and included laparoscopic insufflation through an umbilical port, with two additional ports placed in the left and right lower quadrants. After transfer to the PACU, the patients were monitored by the recovery nursing staff and assessed for fitness for discharge every 15 minutes using standard discharge criteria. The fitness for discharge criteria included a pain score ≤ 4 at rest and the absence of significant nausea and vomiting. An intravenous morphine PCA system, which was programmed to a standard regime (1-mg bolus, five-minute lockout, maximum hourly dose of 5 mg and no background infusion), was administered to each patient. All patients were instructed by the PACU nursing staff on how to use the PCA to self-administer bolus doses, with the aim of achieving a pain score ≤ 4 at rest or on movement.
(11) Regular oral analgesics (etoricoxib 90-120 mg once daily based on weight and paracetamol 1 g six hourly) were also prescribed for all patients, unless contraindicated. Ondansetron (4-8 mg intravenously) was prescribed eight hourly, as required for treatment of nausea and vomiting.
Morphine PCA was continued for a minimum of 12 hours postoperatively for all patients; after 12 hours post-surgery, a member of the on-duty anaesthetic pain team visited all patients to assess for morphine PCA discontinuation based on predefined criteria: pain score ≤ 4 at rest and on movement, and improved clinical condition. On discontinuing morphine PCA, additional rescue analgesia was prescribed, when required, to be administered if the patient reported a pain score > 4 (oral morphine elixir 5 mg prescribed as required six hourly). Morphine PCA was continued if pain scores were > 4 or if the pain team decided that continuation was necessary on clinical grounds. Thereafter, the pain team reviewed patients twice daily until morphine PCA was discontinued. Following discontinuation of morphine PCA, the patients were discharged from follow-up with the acute pain team.
On discharge from the PACU, the patients were transferred to the surgical ward and managed by the operating surgical team. Postoperative management included antibiotic therapy and intravenous fluids. Oral fluids and feeding were encouraged for all patients, unless specified by the surgeon. Patients were mobilised as soon as permissible following surgery, with the aid of the ward nursing staff. Assessment of suitability for hospital discharge was performed in the morning and afternoon on each postoperative day by the surgical team responsible for the patient.
The study period commenced on induction of anaesthesia in the operation theatre and continued for 48 hours following surgery or until discharge from hospital (if the latter occurred within 48 hours following surgery). Routine data collection ceased at the end of the study period, and patients who remained in hospital for longer than 48 hours following surgery were reviewed daily by a study investigator to monitor for adverse events until hospital discharge. The study was considered completed for each patient at the time of discharge from hospital.
Postoperative pain was assessed using the NRS system, which was self-reported by patients as a standard assessment of pain severity on a scale from 0-10, both at rest and on movement. Measurements of pain and morphine consumption were recorded by the nursing staff according to standard hospital clinical guidelines for postoperative pain management and obtained repeatedly over time for a maximum period of 48 hours following surgery. The presence of either nausea or vomiting was recorded simultaneously with pain scores during the study period using a standard hospital clinical scoring system. All postoperative study measurements were taken from the time of admission to the PACU, unless otherwise stated. The grade of appendicitis was recorded for each patient based on the findings at the initial laparoscopy and classified using the following scale: normal, inflamed, inflamed with complications, or perforated with peritonitis. The time course of each patient's hospital visit, from the time of admission (including other relevant time points during the hospital stay) to the time of hospital discharge, was also recorded.
During the study period, the following parameters were recorded following surgery: (a) pain scores at rest and on movement (at 0, 1, 2, 4, 8, 12, 24, 36 and 48 hours); (b) PCA morphine consumption at 12 hours; (c) equianalgesic morphine consumption (morphine elixir was converted to equianalgesic values of intravenous morphine on a 3:1 ratio) at 24 hours; (d) requirement for rescue analgesia (number of doses and total dose of oral morphine) or extended morphine PCA administration (> 18 hours); (e) number of successful and unsuccessful PCA bolus attempts (a high proportion of failed bolus doses was defined as > 25% of unsuccessful bolus attempts); and (f) the presence of nausea or vomiting for each 12-hour time period during the first 48 hours following surgery. In addition, time of assessment for fitness for discharge and the actual time of hospital discharge were recorded. We also recorded adverse events, including potential complications from the TAP intervention (e.g. local anaesthetic systemic toxicity or complications arising from the needle injection).
Patients were randomised in a 1:1 allocation ratio using a computer-generated random number sequence and allocated to either the TAP intervention or control group using serially numbered opaque sealed envelopes. The study investigator performed the randomisation immediately prior to the study intervention; apart from the intervention, this investigator was not involved in the anaesthetic or surgical care of the patients. The anaesthetic and surgical teams were blinded to the allocation of patients, as they were asked to leave the operation theatre for 15-20 minutes (approximately the time required to perform a TAP block) while the study investigator was performing the TAP block for the intervention group or no intervention for the control group. The syringes prepared by the study investigator, which contained either local anaesthetic drug solution or saline for infiltration of the laparoscopic port site tissues, were drawn up so that the surgeon was unaware of its contents.
The required sample size of 58 patients (29 in each group) was based on the following assumptions: 1:1 allocation ratio; 5% Type I error; and 80% power of detecting a mean difference in morphine consumption of 6 mg between the two groups over the first 24 hours (6 mg for the TAP intervention group and 12 mg for the control group; standard deviation [SD] 8 mg) based on a two-sample t-test.
All analyses were performed based on the intention-to-treat principle. Data was summarised according to patient groups using either mean ± SD or median (interquartile range) for continuous variables, as appropriate, and frequency (proportions) for categorical variables. The groups were compared using twosample t-test and Mann-Whitney U test for continuous variables, and Fisher's exact test for categorical variables. Repeated measures analysis of variance was used to compare pain scores that were assessed repeatedly over time between the patient groups. Significance level was set at 5% and all tests were twosided. The analysis of data was performed using SAS software version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
A total of 58 patients were enrolled in the study, with 29 patients randomised to each group. All patients completed the 48-hour study period and were followed up until discharge from hospital ( Fig. 1) . For two patients in the control group, laparoscopic appendicectomy was converted to open surgical procedure; both patients were included in the analysis on an intention-to-treat basis. One patient, who was randomised to the control group but incorrectly received a TAP block, was also analysed in the control group in accordance with the intention-to-treat principle. Table I shows the demographic and surgical characteristics of the two patient groups. A higher proportion of women were allocated to the TAP intervention group compared to the control group, which was reflected in the lower median values of height and weight recorded for the TAP intervention group. Otherwise, the two groups were comparable with respect to the various parameters assessed. The two groups were also similar in terms of the grade of appendicitis, as well as other clinical parameters that may have influenced postoperative pain and recovery. Table II shows the analgesia drug requirements for the two patient groups during the study period. For the primary endpoints (PCA morphine consumption at 12 hours and equianalgesic morphine consumption at 24 hours), mean values were not significantly different between the two groups. Similarly, other indicators of postoperative analgesia efficacy, including the number of unsuccessful PCA bolus attempts and requirement for oral rescue analgesia, were also not significantly different. Also shown in Table II is supplementary data (such as intraoperative fentanyl requirements, and nausea and vomiting scores during the first 24 hours following surgery). Intraoperative fentanyl requirements were significantly lower in the TAP group (p = 0.0058). Nausea and vomiting scores were not significantly different between the two groups, although there was a trend toward higher values in the TAP group.
The mean pain scores at rest and on movement during the first 48 hours following surgery are shown in Fig. 2 and Fig. 3 , respectively. Mean pain scores were lower in the TAP group for each time point at rest and on movement. However, these values were not statistically significant, except for values at rest at 36 hours. Pain scores during the first 48 hours following surgery indicated that pain was managed according to standard Table III shows a timeline comparison of the patients' clinical progress, starting from induction of anaesthesia in the operation theatre to the time of discharge from hospital. Hospital discharge times included time from postoperative stay to assessment for fitness for discharge and actual hospital discharge time. PACU stay was significantly shorter in the TAP group compared to the control group (57.52 ± 21.88 minutes vs. 72.83 ± 28.39 minutes; p = 0.0252). In addition, a trend for shorter postoperative stay in the TAP group vs. the control group was observed in terms of the time to fitness for discharge (32.49 ± 19.85 hours vs. 39.19 ± 22.33 hours). However, this difference between the two groups was not statistically significant.
DISCUSSION
Appendicectomy is the most common emergency general surgical procedure performed in developed and developing countries alike. (12, 13) Postoperative pain following laparoscopic appendicectomy comprises both parietal and visceral peritoneal components caused by the appendicitis, as well as tissue trauma associated with the surgery and pneumoperitoneum. Pain management following this procedure is important, as either the presence of inadequately treated pain or the occurrence of significant side effects associated with opiate analgesics may prolong surgical recovery. The ability of regional anaesthesia to improve surgical recovery by providing effective postoperative analgesia with reduced opiate analgesic requirements has led to a rise in the use of regional techniques for many surgical procedures. (14) TAP block was first described by Rafi, (15) and the reliability and accuracy of the technique has been enhanced by the advent of ultrasonography-guided needle placement to ensure optimal injection of local anaesthetic solution adjacent to the nerve supply of the abdominal wall. (16) This relatively simple procedure rapidly gained popularity among anaesthetists following the publication of a number of early studies demonstrating improved postoperative analgesia for a range of open abdominal surgical procedures. (5) (6) (7) 9, 17) Given the trend for minimally invasive surgery, with its associated reduction in postoperative pain and faster surgical recovery, there is a need for TAP block to be evaluated specifically for laparoscopic surgical techniques. (18) The present study investigated the postoperative analgesic efficacy of bilateral mid-axillary ultrasonography-guided TAP block in adult patients undergoing laparoscopic appendicectomy. Morphine consumption was the primary endpoint selected to measure postoperative analgesia efficacy, as patients were encouraged to use a self-administering morphine PCA syringe to control the severity of their pain according to a predefined pain score (NRS pain score ≤ 4). For research purposes, this mode of analgesia provides an accurate measure of analgesia requirements following surgery for comparison between the two groups. Both the control and TAP intervention groups received multimodal analgesia regimes with paracetamol and nonsteroidal antiinflammatory drugs, where TAP block was compared to port site local anaesthetic infiltration. Although port site infiltration of local anaesthesia has been shown to have no significant effect on pain or analgesic consumption following laparoscopic procedures, it is routinely practised by a high proportion of surgeons. (19, 20) A high volume of local anaesthetic solution was administered in order to improve the spread of local anaesthetic solution within the TAP tissue plane to maximise analgesic efficacy. Our results showed that TAP block had no significant effect on morphine consumption or pain scores during the first 24 hours following surgery.
Our findings are similar to those of the study by Sandeman et al, (21) where the addition of TAP block to a standard general anaesthetic in a paediatric population did not reduce postoperative analgesic requirements or produce a sustained reduction in postoperative pain scores following laparoscopic appendicectomy. However, our results revealed that TAP block was associated with some benefits in postoperative recovery, including a shorter PACU stay, reduced intraoperative analgesic requirements and a non-significant trend for faster hospital discharge. Therefore, although TAP block is an effective postoperative analgesic therapy for open appendicectomy, (17, 22, 23) the benefits of this procedure for laparoscopic appendicectomy are equivocal.
Postoperative pain following laparoscopy may have particular characteristics that are not well controlled by the mid-axillary ultrasonography-guided TAP block. Following laparoscopic gynaecological surgery, a comparison of unilateral ultrasonography-guided TAP block with contralateral port site infiltration failed to show a significant improvement in postoperative pain scores when patients were asked to compare pain from both sides of the abdomen. (24) The analgesic effects of TAP block will vary depending on the technique employed; cadaveric and volunteer studies of local anaesthetic spread within the TAP plane have shown important differences between posterior (triangle of Petit), (25) mid-axillary (lateral) (26) and subcostal TAP injection techniques. (27, 28) In contrast, a recent meta-analysis of trials investigating TAP block for abdominal laparoscopic surgical procedures demonstrated significant improvements in postoperative pain and reduced opiate requirements. (29) Within this meta-analysis were studies in which the TAP injection technique included subcostal and posterior (triangle of Petit) techniques or the site of injection could not be classified. We postulate that differences in analgesic efficacy between lateral and posterior TAP injection sites may partly explain the lack of measured analgesic effects in our study. The needle injection site with ultrasonography-guided mid-axillary TAP injection deposits local anaesthetic at a lateral point within the TAP plane. Current evidence suggests that a posterior injection site might be more efficacious in terms of postoperative analgesia. (18) The present study was not without limitations, one of which was the absence of any recording of the presence of a failed TAP block. By assigning experienced clinicians experienced in this regional anaesthetic technique to perform the procedure, we aimed to minimise the number of failed or inadequate blocks. Also, achieving a completely blinded TAP block within the limited confines of the operation theatre was not possible for all patients and this may have introduced an element of bias. Although there were no recorded cases of local anaesthesia toxicity in this study, adverse effects due to this complication were difficult to measure, as the block was performed under general anaesthesia. There were also no adverse effects associated with the needle injection into the abdominal wall, indicating that in experienced hands, ultrasonography-guided TAP block is a safe procedure with a low incidence of side effects.
Laparoscopic abdominal surgery encompasses a spectrum of different procedures where postoperative pain arises in response to surgery-specific variables, including the size and site of the surgical wounds, and the extent of intra-abdominal tissue trauma. The ability of TAP block to reduce postoperative pain and improve surgical recovery for laparoscopic surgery requires an area of abdominal wall sensory analgesia that is appropriate for the particular surgical procedure. The reasons for the negative outcome of this study include a significant visceral pain component for postoperative pain as well as the failure of the mid-axillary TAP technique to provide a sufficient area of abdominal wall analgesia. Whether a posterior-directed approach to the TAP plane would achieve clinically significant improvements in postoperative pain for this common procedure has yet to be evaluated.
Future studies investigating postoperative analgesia following laparoscopic appendicectomy should focus on TAP techniques that provide a greater area of abdominal wall analgesia (30, 31) or on analgesic therapies targeted toward the visceral pain component. The benefits of TAP block for laparoscopic abdominal procedures appear to be less that of the corresponding open surgical procedures, (21, 24, (32) (33) (34) and presently, the role of this regional anaesthetic procedure for lower abdominal laparoscopic surgery requires further evaluation with larger clinical trials, both to determine the most effective TAP technique and to investigate more precisely its benefits in terms of surgical recovery.
